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I. INTRODUCTION 
The United States has long implemented supply control programs to 
reduce output and raise farm prices and incomes. The first supply ·;:;on-
trol programs were created more than 45 years ago by the Agricultural 
Adjustment Act of'l933. The nation also has long had a concern for con-
serving the land. In more recent times, the public has become concerned 
with maintaining and improving the environment. Soil conservation legis-
lation dates from 1936 with passage of the Soil Conservation and Domes-
tic Allotment Act. Supply control, soil conservation, and environmental 
programs generally have not been coordinated. Each program has been form-
ulated to deal with a specific problem rather than addressing the "whole" 
of this set of agricultural policy needs. The potential for comprehensive 
policy formulation exists though, and the possible complementarities could 
significantly increase the efficiency of national agricultural policy in 
general. This study examines the possibility of managing land to simul-
taneously reduce output and conserve the soil. It analyzes interregional 
impacts of different supply control and soil conservation programs on 
income generation, resource use, program costs, and other associated vari-
ables. 
The primary objective of this study is to analyze the potential of 
reconciling some of the nation's major agricultural policies. The his-
torical precedent has been to formulate a separate policy for each 
1 
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problem with little consideration given to the possible interactions be-
tween the various policies. This study focuses on the possibility of 
formulating policies which reconcile two of the nation's major policy 
objectives: (a) to reduce farm output and increase prices and incomes; 
and (b) to conserve land resources by reducing gross soil erosion re-
sulting from water erosion. 
This primary objective is accomplished by developing and applying 
an interregional mathematical programming model of U.S. agriculture. 
Five alternatives are analyzed with the model including: baseline (Al-
ternative A), high export (Alternative B), soil tolerance level soil 
loss limit (Alternative C), 10 percent nationally uniform land retirement 
(Alternative D), and a 40 percent conservation land retirement (Alterna-
tive E). The five. alternatives reflect policy changes affecting three 
important parameters: agricultural export demands, soil conservation re-
strictions, and cropland use restrictions. 
The model provides information useful in evaluating the interregional 
impacts of the various alternatives. Estimates of farm income, farm 
level prices, resource use, crOp and livestock production, input use, and 
gross soil erosion are provided for each alternative. These estimates 
are summarized and compared and used as the basis for evaluating the 
policy alternatives. 
3 
II. MODEL FORMULATION 
Applicability of Mathematical Programming Models to 
Agricultural Policy Analysis 
The importance of agriculture in the U.S. economy and its size and 
diversity emphasizes the need for techniques capable of analyzing large-
scale agricultural problems. Policy makers have wrestled with price and 
income, environmental, and conservation problems in the past and continue 
to do so. To make intelligent decisions in the face of constantly chang-
ing economic conditions, information is needed on the impacts of alter-
native policies or futures on such variables as commodity prices, regional 
production patterns, regional income generation, export capacity, use of 
scarce resources, input use, and externalities generated. 
Mathematical programming models provide one approach capable of 
analyzing large-scale problems facing agriculture. The analysis of the 
agricultural sector can be considered a partial equilibrium analysis. 
The demand side of agricultural markets is reflected by domestic and ex-
port demand relationships. The supply side is represented by production 
activities which convert natural resources and purchased inputs into agri-
cultural commodities. Interrelationships of the agricultural sector with 
the rest of the economy are reflected in the constraints on the sector 
reflecting resources available, institutional restrictions on either the 
demand or production relationships, and input supplies available to agri-
culture. The objective is the joint maximization of consumer and producer 
4 
welfares represented by the demand and supply functions in the com-
petitive market system. 
The baaic components of the agricultural sector as described in the 
previous paragraph match those of mathematical programming models. Math-
ematical programming models have three basic components: an objective 
function to be optimized; a set of alternative activities or processes 
which can be used for attaining the objective; and resource or other re-
strictions on the solution. The objective function of the agricultural 
sector is to maximize the sum of consumer and producer surplus within a 
competitive market system. Activities available for attaining the objec-
tive include production and distribution of the various agricultural com-
modities. Finally, limits on resources available, institutional restric-
tions, and interrelationships of the agricultural sector with the rest of 
the economy provide constraints on the system. 
Obviously this view of the agricultural sector, as are all models, 
is a simplification of reality. It does, however, provide a framework 
within which the basic relationships of the agricultural sector can be 
specified. It also allows for analysis of the impacts of a variety of 
policy and structural changes including: changes in resources available, 
changes in institutional restrictions, and changes in the demand for agri-
cultural commodities. 
Mathematical programming models provide normative answers to the 
problems formulated. Normative refers to the course of action which ought 
to be taken by the agricultural sector given (a) the particular objective 
function specified and (b) the conditions and restraints surrounding the 
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alternatives available (Heady and Candler, 1958). In contrast, a posi-
tive analysis would indicate how farmers would actually respond to a 
particular policy. Unfortunately, positive analyses are limited to ana-
lyzing policy questions within the existing structural framework. A 
second characteristic of mathematical programming models is that they gen-
erally are used for comparative static rather than dynamic analyses. The 
normative model provides the optimum plan after implementation of a policy 
or structural change which subsequently is compared to the optimum plan 
before implementation of the policy or structural change. This compari-
son provides information on the impacts of the change on the response 
variables. It does not, however, provide information on the dynamics of 
moving from the old to the new optimum plan. 
Development of the Separable Programming Model 
The mathematical model used in this study is formulated within a general 
linear programming framework. A conventional minimization linear pro-
gramming problem can be presented in mathematical form as 
Minimize 
subject to 
where 
c is a h x 1 
x is a n X 1 
A is a m x n 
b is am X 1 
Z = c'x 
> Ax- b < , 
vector of 
vector of 
matrix of 
vector of 
> 
X - 0 
costs of the activities; 
alternative activities; 
technical coefficients; 
resources available, production 
(2.1) 
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demands to be met, or other restraints; and 
c'x = Z is the objective function. 
The advantages of linear programming arise from the fact that the 
simplex algorithm is a very powerful solution technique. It allows a 
greater amount of detail in the specification of regional factor supplies 
and production processes without making the model prohibitively large or 
expensive. If the results of interregional analyses are to be of use to 
the policy makers, considerable regional detail is needed. 
The primary disadvantage of conventional linear programming is the 
assumption of fixed demands or perfectly elastic demand functions implied 
in the linear objective function. Approaches used to relax this assump-
tion include quadratic programming models and various linear approximation 
techniques which allow incorporation of demand relationships in the pro-
gramrning model. 
Stoecker (1974) formulated an interregional quadratic programming 
model of United States agriculture. Mathematically his self-dual model 
is represented as 
Maximize 
subject to 
Z = d~w + w~Dw - c~x - b~u 
0 
Dw-Ax<-d 0 
Bx < b 
A~w - B~u < c 
W, u, X > 0 
where d0 is a vector of demand intercepts; 
(2.2) 
D is a negative semi-definite matrix of linear demand slopes; 
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w is a vector of imputed prices; 
A, B are matrices of technical coefficients which describe the 
transformation of the resources into the final connnodities; 
c is a vector of production activity costs; 
b is a vector of available resources; 
u is a vector of imputed resource values; and 
X is a vector of production activities. 
The primary advantage of Stoecker's quadratic progrannning model 
compared to interregional linear programming models is that equilibrium 
prices are endogenously determined. Demand functions of the form 
(2.3) 
where d is a vector of total demands at the imputed prices, and d0, D, 
and w, as previously defined, are incorporated into the quadratic objec-
tive function. 
A major limitation of the quadratic programming formulation is that 
the solution algorithms are much more expensive than the simplex 
algorithm for equivalent-sized problems. The modeler is thus faced with 
the tradeoff of greatly increased solution costs or of giving up some 
detail in the specification of regional resources and production 
activities. 
A second approach used to incorporate demand relationships endog-
enously in mathematical progrannning models is to use linear approxima-
tions of the nonlinear objective functions. Taylor and Frohberg (1977) 
used stepwise approximations to incorporate demand functions of the 
8 
following type into a linear programming model of the Corn Belt. 
(2.4) 
c s c 
where Q and Q are the bushels of corn and soybeans demanded, p and 
ps are the per bushel prices, and a1 , b1 , a 2 , and b2 are the demand 
function intercepts and slopes. 
Duloy and Norton (1975) utilized grid linearization techniques to 
incorporate interdependent demands endogenously in a linear programming 
context. They expressed the demand function as 
p =a+ B q (2.5) 
where a is an n x 1 vector of constants, and B is an n x n negative 
semidefinite matrix of demand coefficients. Their objective function 
maximizes the area under the demand curve represented mathematically as 
Maximize Z = Jcin •.• 161 (a+ Bq)dq- c(q) 
= q' (a + .5Bq) - c(q) 
= q'a + .5q'Bq - c(q) 
(2.6) 
where c(q) represents the production costs or supply side of the market 
and a, B, and q are as previously defined. 
Duloy and Norton formulated cases where the demands were independent 
(B is a diagonal matrix) and where the demands are interdependent (at 
least some of the off-diagonal elements of Bare nonzero). In the case 
of interdependent demands, however, their procedure is "tedious" since 
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shifts both between and among segments can occur (Dulay and Norton, 1975). 
Separable programming, the technique employed in this study, is an 
application of grid linearization techniques (Hadley, 1964) for approxi-
mating nonlinear separable functions with linear segments. Separable 
functions are functions that can be expressed as sums of expressions of 
a single variable. As an example of separable programming consider 
the nonlinear but separable function 
2 Y = .25X , 0 < X > 4 
which is shown graphically in Figure 2.1. 
4 y 
3 
2 
1 
~~~--~--~--~x 
1 2 3 4 
Figure 2 .1 Graph of separable function y = • 25X2 
Grid linearization of the function entails defining grid and 
functional equations which approximate the nonlinear function with 
(2.7) 
linear segments. The grid equation expresses the independent variable, 
x, as a sum of a set of discrete segments. Equation 2.8 represents the 
10 
grid equation for the function in Figure 2.1. 
(2.8) 
where o1 are dummy variables constrained between 0 and 1.0 and the xi 
are the n segments of the variable x. The functional equation is repre-
sented by the following equation 
(2.9) 
where the oi variahles are as defined previously and the Yi represent 
the change in the dependent variable over the corresponding ith segment 
of the :f,.ndependent variable. 
The functional equation expresses the dependent variable, Y, as 
a sum of the changes in the functional value of Y over each of the seg-
ments of x. The separable programming algorithm requires that 0 < o. < 1 
- l.-
and if oi > 0 that oj = 1.0 for all j < i. 
In many cases nonseparable functions can be converted to separable 
forms by using appropriate transformations. The appropriate transforma-
tions depend, of course, on the particular functional forms. Hadley 
(1964) discusses several possible transformations including transforma-
tion to logs and the definition of new variables. 
This study uses separable programming to approximate a nonlinear 
objective function similar to equation 2.6. Demand data developed by 
11 
Stoecker (1974) was updated and used to specify the demand relation-
ships. Specification of the demand coefficients and the underlying 
linear programming model is covered in Section III. 
Stoecker developed demand relationships for the major agricultural 
commodities of the form 
q = d 0 + Dp (2.10) 
where q is a vector of quantities demanded, d0 is a vector of demand 
intercepts, D is a matrix of own and cross demand sloped, and p is a 
vector of prices. These demand relationships were converted to the 
demand formulation specified by Duloy and Norton (1975) by solving for 
prices as a function of quantities. 
p -D-ld + -1 0 D q 
= a + Bq 
(2.11) 
The objective function maximizes the area between the demand curve and 
the supply curve expressed mathematically as 
Maximize W = fqn 0 Jcil (a + Bq)dq - c(q) (2.12) 
where c(q) is an n x 1 vector of total cost functions and W is the sum 
of producer and consumer surpluses. Integration of equation 2.12 yields 
}fuximize W = q~(a + .5Bq) - c(q). (2.13) 
Equation 2.13 is quadratic in q. Expansion of the term .Sq~Bq results 
in squared and cross-product terms. The cross-product terms are not 
separable since they are functions of two variables. This function 
was transformed to a separable function using a transformation outlined 
by Hadley (1964). 
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Once the objective function was transformed to separable form, 
grid and functional equations were specified for each variable. A 
separable programming routine was then used to incorporate the new 
objective function into the conventional linear programming framework. 
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III. SPECIFICATION OF THE MODEL COEFFICIENTS 
Specification of the coefficients of the separable programming 
model formulated in Section II is discussed in this chapter and is 
organized into three major parts addressing: (a) specification of 
the regional delineations, (b) specification of the major model sectors, 
and (c) specification of the alternatives to be analyzed. 
Regional Delineations 
Four different sets of regions are used: (a) the data collection 
regions used in the development of the model data base, (b) the regions 
or producing areas within which the crop production activities of the 
model are defined, (c) the market and demand regions within which the 
demands, nitrogen, transportation, and liyestock sectors are defined, 
and (d) the reporting regions used for reporting the model results. 
The data collection regions, shown in Figure 3.1, are county 
approximations of the major land resource areas used for data collection 
by the Soil Conservation Service, U.S. Department of Agriculture 
(Meister and Nicol, 1975). They delineate the United States into 156 
regions based on dominant soil type and management characteristics. 
Weighting procedures are used to transfer data from these regions into 
the 105 producing areas (Figure 3.2) to generate coefficients needed to 
define the model sectors. 
" 14 
Figure 3.1. The SCS data collection areas 
Figure 3.2. The 105 producing areas 
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The producing areas are derived from the Water Resource Council's 
99 aggregated subareas shown in Figure 3.3 (U.S. Water Resources Council, 
1970). The crop production sector and the model's land base are defined 
within the producing areas. Water resources are defined for the Western 
United States in producing areas 48 through 105 (Figure 3.4). The 28 
market regions shown in Figure 3.5 are aggregations of contiguous pro-
ducing areas. The livestock production sector and exogenous demands 
and exports are defined within these regions. 
The eight demand regions shown in Figure 3.6 are aggregations of 
contiguous market regions. Each demand region functions as a demand 
and transportation center for the endogenous commodities. Metropolitan 
centers in each region link the model's transportation sector. These 
demand regions also are used as reporting regions. 
Major Sectors of the Model 
This section describes the specification of the major sectors of 
the model in more detail. 
The demand sector 
The demand sector is divided into three categories: (a) demands 
for endogenous commodities for which demand equations are specified, 
(b) demands for endogenous commodities with fixed demands, and 
(c) demands for exogenous commodities. Each of the three types of 
demands incorporates net export, domestic consumption, and intermediate 
uses of the commodities. 
16 
Figure 3.3. Water Resource Council's aggregated subareas 
Figure 3.4. The producing areas with irrigated lands 
Fi 3 5 The 28 market regions gure .. 
PACIFIC 
NORTHERN PLAINS 
& 
MOUNTAIN 
SOUTHERN PLAINS 
Figure 3.6. The eight demand regions 
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Demands for the exogenous commodities (dry beans, dry peas, flax-
seed, fruits and nuts, peanuts, potatoes, rice, rye, sugarcane, sweet 
potatoes, tobacco, sugar beets, miscellaneous other crops, poultry, 
turkeys, sheep and lambs, horses and mules, and miscellaneous other 
livestock) are obtained from government projections (Quance, Smith, 
and Powell, 1977). Adjustments are made in the model's resource base 
for the quantities of land, water, nitrogen, and feedstuffs used in the 
production of these commodities. 
Cotton is the only endogenous commodity with fixed demands. Cotton 
demands equal the sum of 1985 projected domestic uses and net exports. 
The model endogenously allocates land, water, and nitrogen to produce 
the given quantity of cotton. 
Domestic demands for the other endogenous commodities (beef, pork, 
milk, wheat, feed grains, and oils) are endogenously determined. 
Domestic consumption and other uses are determined by the endogenous 
demand relationships. Intermediate uses of wheat, feed grains, and 
oilmeals are endogenously determined by the livestock sector. Net 
exports of the commodities are fixed 1985 government projections (Quance, 
Smith, and Powell, 1977). Specification of the endogenous demand rela-
tionships is documented in detail in Boggess (1979). 
The land base 
The cropland base is built from the Conservation Needs Inventory 
(CNI) which reports acres of land by use and by agricultural capability 
class (Conservation Needs Inventory Committee, 1971). The CNI uses 
19 
eight major capability classes, with classes II through VIII further 
subdivided to reflect the most severe hazard which prevents the land 
from being available for unrestricted use. The subclasses reflect 
susceptibility to erosion (e), subsoil limitations (s), drainage 
problems (w), and climatic conditions preventing normal crop produc-
tion (c). 
The original CNI county acreages are aggregated, for dryland and 
irrigated uses, to the 105 producing areas by the 29 capability class-
subclasses. These 29 class-subclasses are then aggregated to give the 
five land quality groups shown in Table 3.1. Irrigated acreages are 
specified separately for the 17 western states (producing areas 48-105). 
Table 3.1. Land group and subgroup aggregations to the five land 
quality groups 
Land quality 
group 
1 
2 
3 
4 
5 
Inventory class-
subclasses 
I II IIIwaa 
, wa, 
rest of II, III, IV, 
all of V 
IIIe 
IVe 
VI, VII, VIII 
Acres 
64,596,000 
213,385,000 
71,001,000 
29,886,000 
14,340,000 
a 
wa indicates that the drainage problem has been eliminated. 
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The acreages reported in Table 3.1 are 1985 projections. The 1985 
land base was derived from the 1967 CNI by adjusting for projected 
wetland drainage, irrigation development, and conversions to urban and 
other nonagricultural uses between 1967 and 1985 (Meister and Nicol, 
1975). Prior adjustment also is made for land used by the exogenous 
crops. This adjustment is justified on the basis that these crops are 
generally the higher value and location specific crops which have 
economic advantage in competition for land use. 
The crop production sector 
The crop sector represents the production of barley, corn, corn 
silage, cotton, legume hay, nonlegume hay, oats, sorghum, sorghum silage, 
soybeans, and wheat. The production activities are defined at the pro-
ducing area level consistent with the production possibilities of each 
region. Unique activities are defined for each of the five land quality 
groups in each of the 105 producing areas. Each crop management system 
specifies an alternative rotation, a tillage and conservation practice, 
and irrigated or dryland farming and utilizes the nitrogen, land, and 
water resources defined in the model to produce the commodities demanded. 
The procedure used to generate the crop rotation coefficients 
allows for interrelationships among crops. For example, legume crops 
provide nitrogen for subsequent crops and crops following summer fallow 
benefit from the additional moisture available. Each rotation is com-
bined with one of four possible conservation practices: straight row 
cropping, contouring, strip cropping, or terracing. A crop management 
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system is completed by adding one of three tillage practices: conven-
tional tillage with residue removed, conventional tillage with residue 
left, or reduced tillage. The crop management systems provide a large 
range of production possibilities reflecting regional differences in 
production cost, fertilizer requirements, crop yields, water needs, 
and soil erosion. Soil erosion in tons per year is then calculated 
for each rotation under each conservation practice and tillage method. 
The crop production costs include machinery, labor, pesticide, 
and miscellaneous other production costs. These costs were derived 
using the United States Department of Agriculture, Firm Enterprise 
Data Systems (FEDS) crop budget generator. The FEDS costs were 
weighted from the FEDS producing areas to the model's 105 producing 
areas. Crop production costs associated with fertilizer, land, and 
water use are determined endogenously in the model. 
Soil loss results from both wind and water erosion. This analysis 
deals with only water erosion from fields and not from terrace channels, 
field boundaries, and slope toes. Gross soil loss as calculated in 
the model represents the average annual tons of soil leaving the field. 
This measurement of soil loss does not represent the amount reaching 
the stream or bodies of water. Some soil particles settle out or are 
diverted as the runoff passes through grassed areas or onto flatter 
terrain, thereby changing the water's capacity to transport soil 
particles. Two separate procedures were used to determine the gross 
soil loss per acre. For the areas east of the Rocky MOuntains the 
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"Universal Soil Loss Equation" was used nnschmeier and Smith, 1965). 
For areas west of the Rocky Mountains data derived from a Soil Con-
servation Service questionnaire were used to derive the soil loss 
coefficients for each management system. Further details on the 
specification of the crop production and soil loss coefficients can be 
found in Meister and Nicol (1975). 
The livestock sector 
The livestock sector includes activities representing the produc-
tion of beef cows, feeders, dairy, and hogs. Alternative rations, 
reflecting optimum feed inputs for alternative feed price ratios and 
commodity output levels are specified for each type of livestock. Five 
alternative rations were defined for hogs, five for beef cows, six for 
dairy, and 16 for beef feeders. The model selects the least-cost 
rations for the livestock produced in each area. 
The livestock production activity costs represent all production 
costs except feed costs which are endogenously determined. Nitrogen 
in the manure produced by the livestock sector is transferred to the 
crop production sector where it is used as fertilizer. Short and 
Dvoskin (1977) provide a detailed discussion of the development of the 
livestock nitrogen production coefficients. In the western areas of 
the United States, water consumed by livestock is subtracted from the 
available supplies. 
The production of broilers, turkeys, eggs, sheep and lambs, and 
miscellaneous other livestock is handled exogenously. Prior adjustments 
23 
are made for the quantities of feedstuffs and water consumed and quanti-
ties of nitrogen produced by the exogenous livestock. 
The water sector 
The water sector defines water supplies in the western United 
States corresponding to producing areas 48-105. Dependable supplies 
of both surface and groundwater are defined. Water prices are acreage 
weighted, average reimbursable costs of the Bureau of Reclamation water 
projects. Water transportation activities are defined reflecting both 
natural and man-made flows. 
The supplies of water are adjusted for water use by the exogenous 
crops and livestock prior to solving the model. Water use coefficients 
for the endogenous crops were obtained from Soil Conservation Service 
staff in Denver, Colorado. Colette (1976) provides a detailed explana-
tion of the water sector specification. 
The transportation sector 
Interregional interdependence is allowed through the transportation 
sector. Transportation routes are defined between all contiguous regions. 
Long-haul routes also are defined if a mileage decrease of 10 percent 
or more is realized. Transportation costs are based on 1975 rail rates 
for grains and truck rates for livestock commodities and the mileages 
between the demand centers of each demand region. 
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Alternatives Analyzed 
Five alternatives are analyzed in this study including: baseline 
(Alternative A), high export (Alternative B), soil tolerance level-
soil loss limit (Alternative C), 10 percent homogenous land retirement 
supply control mechanism (Alternative D), and a 40 percent land retire-
ment supply control mechanism and conservation program (Alternative E). 
The five alternatives reflect the impact of changes in three important 
parameters: agricultural exports, soil erosion restrictions, and 
restraints on cropland use by land classes. 
Alternative A reflects projection of the baseline assumptions of 
moderate demand and export levels in the absence of land retirement 
and soil loss policies in 1985. The impact of significantly higher 
demands for exports in 1985, in the absence of land retirement or 
erosion controls, is represented by Alternative B. 
The moderate and high export scenario projected per capita con-
sumption and net export levels (Quance, Smith, and Powell, 1977), 
along with 1977 actual values are reported in Table 3.2. The moderate 
scenario values are used in Alternatives A, C, D, and E. The high 
export scenario values are used in Alternative B, a policy possibility 
that involves increased soil loss as higher demand levels are reached, 
as compared with policies having a soil conservation component. 
The 1985 moderate export projections are substantially higher than 
1977 levels for wheat and soybeans (oilmeals) but slightly lower for 
feed grains and cotton. The higher export levels are substantially 
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higher than 1977 levels for all four of the major export commodities: 
wheat, feed grains, soybeans, and cotton. Per capita consumption levels 
of beef, pork, milk, wheat, feed grains, and oils are endogenously 
determined in the model. 
Alternative C represents a soil conservation policy apart from a 
supply control or land retirement program. Under Alternative C per 
acre soil losses are restricted to a maximum level equal to the estab-
lished soil tolerance levels. The soil loss tolerance levels reflect 
the maximum yearly allowable soil loss consistent with maintaining the 
productive capacity of the soil economically and indefinitely 
(Wischmeier and Smith, 1965). Soil tolerance levels range from one to 
five tons per acre per year depending upon soil properties, soil depth, 
topography, and prior erosion. 
Alternatives D and E represent two alternative land retirement or 
supply control policies. Alternative D assumes that a uniform 10 
percent of all endogenous cropland is retired from crop production. 
The 10 percent reduction is distributed evenly across all land groups 
and regions. Hence, all farmers and regions would be treated similarly 
with respect to land retirement. Alternative E assumes that 40 percent 
of land in quality groups 3, 4, and 5 (Table 3.1) is retired from crop 
production. Thus, Alternative E incorporates components of both supply 
control and soil conservation policies by concentrating land retirement 
for supply control purposes in regions or locations where land is most 
erosive. It would, however, simultaneously control supply and conserve 
the land. 
--------------
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IV. RESULTS FOR THE FIVE MODEL ALTERNATIVES 
The results of the five model alternatives are presented and dis-
cussed in this chapter. Since the analysis is normative, the policy 
alternatives are compared to the baseline rather than to actual para-
meter values, but actual values are presented in many cases as a 
reference point. 
National Production and Yields 
One of the major concerns of each of the policy alternatives 
analyzed is the resulting impact on national production of agricultural 
commodities. Estimates of adjusted national production for nine major 
1 
commodities for the five model alternatives are reported in Table 4.1. 
Alternative A is most nearly comparable to 1977 actual values. Under 
Alternative A production increases on an average of approximately 15 
percent, as compared to 1977, reflecting the dual effects of a 10 per-
cent increase in population and a 572 million bushel increase in net 
exports of wheat, feed grains, and soybeans by 1985. Cotton is the one 
exception. However, cotton production in 1977 set an all time record 
of 14.4 million bales compared to 8.3 million bales in 1975 and 10.6 
million bales in 1976. 
1The production estimates for Alternatives B, C, D, and E were 
adjusted based upon empirical estimates of the actual elasticities of 
supply and demand. The procedure used to adjust the value is docu-
mented in Boggess (1979). 
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Total production levels represent the sum of three demand compon-
ents: domestic consumption, net exports, and intermediate uses. 
Domestic consumption and intermediate uses are endogenously determined 
for all commodities except cotton. The endogenously determined per 
capita consumption levels are reported in Table 4.2 with 1977 actual 
consumption values for comparison. Net export demands are fixed for 
all commodities (Table 3.2). The moderate scenario or trend export 
projections are used in Alternatives A, C, D, and E. The high export 
projections are used in Alternative B. 
Table 4.2. Per capita consumption of the endogenous commodities in 
the five model alternatives with 1977 actual vales for 
comparison 
1977 Model alternatives 
Commodity Unit Actual a A B c D E 
Beef lbs. 129.8 115.1 118.1 117.5 117.5 117.5 
Pork lbs. 61.5 68.7 67.8 68.1 63.1 64.0 
Milk lbs. 565.5 592.0 584.9 587.0 556.7 564.0 
Wheat bu. 2.58 2. 77 2.73 2. 71 2. 71 2.71 
Feed grains bu. 3.45 3.02 3.01 2.99 2.97 2.97 
Oils lbs. 40.4 42.0 42.0 41.7 41.7 41.7 
aSOURCE: (United States Department of Agriculture, 1978a). 
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The increased exports of feed grains, wheat, soybeans, and cotton 
result in increased production and greater gross soil loss in Alterna-
tive B compared to A. As production increases in response to the 
increase in exports, however, costs of production rise, triggering a 
rise in market prices. The increase in market prices leads to a decline 
in domestic consumption. The result is that production of feed grains, 
wheat, and soybeans increases by a smaller amount than the increase in 
net exports of the commodities. In addition, the increase in the price 
of feed grains causes a shift to high roughage, low concentrate rations 
reflected in the increased production of roughages. The ability to 
shift to higher roughage rations coupled with a decline in production 
of pork, beef's chief competitor, results in an increased production 
of beef. 
Alternatives C, D, and E all result in increased costs of produc-
tion resulting in a reduction in the quantity supplied at any given 
price. This shift in the supply curve leads to an increase in the 
equilibrium prices and a decline in the equilibrium quantities. The 
declines in production are relatively small (less than 10 percent) 
and the increases in prices relatively large for two reasons. First, 
domestic demands for agricultural products are quite inelastic, indicat-
ing that relatively large increases in prices result in relatively small 
declines in quantities demanded. Empirical estimates of price elastic-
ities of food demands for the commedities range between -.1 and -.25 
for crops (Ray and Richardson, 1978) and between -.3 and -.7 for live-
31 
stock commodities (Brandow, 1961). The second reason is that net exports 
are fixed in the models. In actuality, export demands reflect some 
price responsiveness. Empirical estimates of price elasticities of 
export demands center around -.5 for the major export commodities: feed 
grains, wheat, and soybeans (Ray and Richardson, 1978). Several factors 
contribute to the inelasticity of export demands. First, increasing 
quantities of U.S. exports are controlled by trade agreements or export 
contracts. Secondly, in many cases the United States is a primary 
supplier of the commodity in the world market. For example, the United 
States currently supplies over one-half of the total world grain trade. 
The estimated crop yields for the five model alternatives are 
reported in Table 4.3. Changes in crop yields reflect the impacts of 
altered land use patterns reflecting increased demands (Alternative B), 
conservation restrictions on land use (Alternatives C and E), and land 
retirement or supply control (Alternatives D and E). Yields for the 
high export commodities decline in Alternative B as production expands 
into marginal areas. Similarly the yields of the more erosive row 
crops, corn and soybeans, decline under Alternative C as production is 
shifted from highly productive but erosive areas to lower yielding but 
less erosive areas. The retirement of group 1 and 2 land under Alter-
native D, the supply control alternative distributed homogenously over 
all regions, results in a general decline in yields as some production 
shifts to idle land which is concentrated in land groups 3, 4, and 5 
in Alternative A. Yield reductions are more moderate in Alternative E 
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reflecting the fact that much of the land retired in Alternative E was 
already idle in Alternative A. Also, under Alternative E, land retire-
ment withdraws more of land classes 3, 4, and 5 (lower yielding lands) 
from production. 
Regional Production Patterns 
Regional cropland use 
Changes in national production and yields obviously are important 
indicators of the impacts of the alternative policies. However, the 
relatively moderate changes at the national level may mask some impor-
tant regional shifts in production that occur in response to changes 
in regional comparative advantages. Tables 4.4 to 4.8 report the 
acreages of the major crops by demand regions for each of the five 
model alternatives. 
The regional distribution of total cropland used varies only 
slightly between alternatives, primarily because 95 percent or more of 
the cropland available is used in each of the alternatives. Thus, the 
regional distribution of cropland used very nearly represents the 
regional distribution of cropland available. However, as the supply of 
available cropland declines, acres of summer fallow decline from 20.8 
million acres in Alternative A to 8.6 million acres in Alternative E. 
Thus, the difference in acres of cropland actually cropped in the two 
alternatives is less than 20 million acres despite the fact that over 
45 million acres are retired in Alternative E. 
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The shift from summer fallow to crops is only one of the changes 
that occurs in response to changes in comparative advantages between 
crops within a region and to changes in interregional comparative 
advantages. The increased export demands of Alternative B result in an 
increase in cropland used in every region compared to Alternative A. 
Total cropland used in Alternative B increases by 8·.8 million acres 
compared to Alternative A. 
Under the soil loss restrictions of Alternative C, acreages of 
cropland shift from the more erosive areas in the eastern United States 
to the less erosive western United States. Acres of crops increase by 
nearly 10 million acres in the Lake States, Northern Plains, Southern 
Plains, and Pacific regions and decline by nearly 2 million acres in 
the eastern United States. These regional shifts in acreage reflect 
changes in interregional comparative advantages brought about by the 
inclusion of soil erosion concerns in the producers' decision framework. 
Acres of the more erosive crops, soybeans and cotton, decrease by 11.0 
million acres in the eastern United States while acres of less erosive 
crops, wheat and roughages, increase by 6.5 million acres. Total feed 
grain acreage increases in both the eastern and western areas but there 
is a shift from corn and sorghum to the less erosive small grains, 
barley and oats, especially in the more erosive areas. 
In general, total acres used decline in all regions for both of the 
land retirement policies (Alternatives D and E). However, if summer 
fallow acres are excluded, acres in crops increase in the Pacific region 
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in both alternatives and in the Northern Plains in Alternative D. In 
these areas, and to a lesser extent in the Southern Plains, producers 
merely trade off summer fallow acres for acres retired. 
The regional distribution of class 3, 4, and 5 land is quite 
similar to the regional distribution of all cropland as evidenced by 
the similar total cropland use values in Alternatives D and E. The 
Lake States, Northern Plains, and Southern Plains regions are the only 
areas where total cropland used varies by more than two million acres 
between the two solutions. The increase in acres cropped in the Lake 
States in Alternative E compared to Alternative D indicates that a 
higher than average percentage of the region's cropland falls in land 
classes 1 and 2. Similarly the decline in acres cropped in the Northern 
and Southern Plains regions in Alternative E relative to Alternative 
D indicates that a disproportionate share of the cropland in these 
regions falls in land classes 3, 4, and 5. 
On a national basis the acreage of feed grains declines while the 
acreages of wheat and soybeans increase in Alternative D and E relative 
to Alternative A. These differences in total acreages occur in spite 
of the fact that total production of all three commodities declines in 
both Alternatives D and E. In Alternative D, feed grain production 
declines by only 4 percent while acreage declines by 11 percent; the 
difference being made up by an increase in yields. Production of wheat 
and soybeans, on the other hand, declines by less than 1 percent but 
acreage actually increases by 9 and 4 percent, respectively, due to 
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lower average yields for wheat and soybeans in Alternative D. These 
results suggest that the demand pressures on land created by the land 
retirement policies affects the comparative advantage both within and 
between regions in a manner which concentrates feed grain production 
on the more productive land. The regional distribution of feed grain 
acreage varies only slightly between Alternatives A and D suggesting 
that the primary adjustments are made within regions by concentrating 
feed grain production on class 1 and 2 land or by using irrigated land 
for feed grain production. The implication of this adjustment is that 
feed grains exhibit a greater response to land productivity than do 
wheat and soybeans. Thus, since land is the most constraining factor 
of production, it is employed in a manner maximizing the comparative 
advantages in its use. 
Regional livestock production 
In policy formulation and program design little attention has been 
focused on the interaction between the grain and livestock sectors. 
Increasing specialization of the two sectors in recent years, coupled 
with liquidation of surplus grain stocks, has led to greater variability 
and uncertainty in the livestock sector. Livestock and grain production 
are no longer as closely connected as in the past. Programs designed 
to raise grain producers' incomes by raising grain prices could in turn 
spell pressure in the form of higher feed prices for large feeders who 
are operating on narrow profit margins. Thus, it is important that 
policy analyses consider impacts on both sectors regardless of the 
particular objective of the policy. 
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The regional distribution of livestock production is determined by 
regional comparative advantages in production. Regional comparative 
advantages are a function of several factors including: regional loca-
tion, cost of producing, and cost of transporting feedstuffs, the 
regional costs of production, and the costs of transporting the final 
commodities from areas of production to the demand centers. The rela-
tive importance of each of these factors in determining relative 
comparative advantages varies for each type of livestock. 
Feed costs are the major cost associated with the production of 
beef cows. The location of cheap feedstuffs, roughages in the case 
of beef, is the primary determinant of the regional location of pro-
duction. Thus, as Table 4.9 indicates, beef cows are concentrated 
primarily in the range areas of the Plains zone and secondarily in the 
Mid-continent zone (Lake States, Corn Belt and Delta States) where crop 
residues and silages provide relatively cheap feed supplies. 
The policy alternatives have only minor impacts on the regional 
distribution of beef cow production since the location of range and 
other roughages is relatively fixed. Alternative B results in an 
increased demand for exports and an associated increase in land used 
to produce wheat, feed grains, and soybeans. This increased demand 
for land reduces the slack land in the Plains zone and, using roughages 
produced on the marginal lands in each area, distributes beef cows more 
evenly across the nation. 
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The land retirement alternatives (D and E) have the opposite effect. 
The retirement of land removes the marginal lands from production. Since 
land retired cannot be used for grazing, beef cow production shifts into 
the western regions of the United States where the rangeland and slack 
cropland is located. 
Several factors, including the location of feeders, the cost of 
feedstuffs, and production costs are important in determining the 
regional distribution of beef production. The high correlation between 
the location of beef cows and the location of beef feeding, evident 
from a comparison of Tables 4.9 and 4.10, underlines the importance of 
the location of feeders. The location of milk production, Table 4.11, 
and thus, dairy feeders, explains the majority of the regional varia-
tion in the location of beef cows versus beef feeding. Several factors 
explain the high correlation between the location of feeders and beef 
production including: the relatively high cost of transporting live 
feeders long distances, the location of relatively cheap feedstuffs in 
the Plains and Mid-continent zones, and the relatively low production 
costs associated with the large feedlots located in the Plains zone. 
Each of these factors reinforces the tendency for beef feeding to be 
concentrated in the Plains zone. 
The cost of transportation, along with institutional barriers, is 
the major factor in determining the location of milk production. 
Because milk is a perishable product, transportation costs are an expo-
nentially increasing function of the distance transported. Thus, in 
/ 
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Table 4.9 Percentage distribution of beef cows in the four major 
zones for the five model alternatives 
Model alternatives 
Zone A B c D E 
Percentage 
East a 3.4 4.9 3.5 2.3 2.4 
M'd ' b 1 -cont1nent 19.8 22.2 18.6 16.8 17.5 
Plains c 71.4 64.4 71.5 69.8 69.5 
West d 5.1 8.5 6.4 11.1 10.6 
aincludes Northeast and Southeast demand regions. 
b Includes Lake States, Corn Belt, and Delta States demand 
regions. 
cincludes Northern Plains and Southern Plains demand regions. 
d Includes Pacific demand region. 
Table 4.10. Percentage distribution of beef feeding in the four 
major zones for the five model alternatives 
Model alternatives 
Zone a A B c D E 
Percentage 
East 7.9 8.1 9.3 7.8 7.9 
Mid-continent 13.5 20.5 14.2 12.8 13.5 
Plains 72.6 62.7 69.3 68.2 67.9 
West 5.8 8.7 7.2 11.2 10.7 
aSee Table 4.9 footnotes for a description of the zones. 
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addition to institutional restraints, the regional distribution of milk 
production is highly correlated with regional demands for milk. As 
Table 4.11 indicates, milk production is much more evenly distributed 
nationwide than is beef production and a much greater percentage is 
located in the high population areas of the eastern United States. The 
variation between alternatives is minor since the location of demand 
is invariant and dominant in determining regional production. 
Feed cost is the primary factor affecting the location of pork 
production. Production of feed grains and oilmeals in the Mid-continent 
zone provides cheap feed supplies and a dominant regional comparative 
advantage in pork production as indicated in Table 4.12. Given the 
importance of feed grains and oilmeals in the hog rations, Table 4.13, 
and the dominance of the Mid-continent zone, the policy alternatives 
examined had little impact on the regional location of pork production. 
Commodity Prices 
Adjusted farm level commodity prices for each of the model alterna-
2 tives are listed in Table 4.14 with 1978 actual prices for comparison. 
The prices for beef, pork, milk, wheat, feed grains, and oils are equi-
librium prices resulting from the endogenous interaction of demand and 
supply in the model. The prices for oilmeals, silages, hays, and cotton 
are supply prices. 
2The price estimates for Alternatives B, C, D, and E were adjusted 
based on empirical estimates of the actual elasticities of supply and 
demand. The procedure used to adjust the values is documented in 
Boggess (1979). 
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Table 4.11. Percentage distribution of milk production in the four 
major zones for the five model alternatives 
Model alternatives 
Zone a A B c D E 
East 37.7 37.7 40.2 37.9 38.0 
Mid-continent 34.7 34.8 32.4 34.7 34.7 
Plains 14.2 14.2 14.1 14.3 14.3 
West 13.4 13.3 13.3 13.1 13.0 
aSee Table 4.9 footnotes for a description of the zones. 
Table 4.12. Percentage distribution of pork production in the four 
major zones for the five model alternatives 
East 
Mid-continent 
Plains 
West 
A 
94.7 
5.3 
Model alternatives 
B 
91.0 
9.0 
c 
100.0 
D 
98.5 
1.5 
E 
100.0 
aSee Table 4.9 footnotes for a description of the zones. 
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Table 4.13. Average livestock rations for the five model 
alternatives 
Livestock 
class and Feed grains a Oilmeals Hay Silage 
alternative 
Beef b (bu.) (cwt.) (tons) (tons) cows 
A 1.43 4.68 .86 
B 1.22 4.78 .63 
c 1.32 4.72 .71 
D 1.48 4.66 .89 
E 1.56 4.66 .88 
Beef feeding b 
A 47.3 2.61 .18 1.64 
B 46.5 2.80 .12 1. 79 
c 46.6 2.70 .19 1.65 
D 45.5 2.90 .13 1. 79 
E 46.5 2.78 .12 1. 78 
D . b ~
A 124.7 6.03 2. 71 2.02 
B 124.4 5.95 2. 71 2.00 
c 124.0 6.63 2.90 1.92 
D 122.5 6.28 2.85 1.95 
E 122.2 6.13 2.84 1.97 
Hogs c 
A 7.6 .54 .002 
B 8.0 .55 .002 
c 7.6 .55 .002 
D 7.6 .55 .002 
E 7.6 . 55 .002 
aCorn equivalents of corn, sorghum, barley, and oats. 
bR . at1ons are on a per head basis. 
cRations are per hundred weight of live animal. 
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Alternatives B and C, through quite different policies, both result 
in approximately 8 percent increases in prices compared to Alternative 
A. Beef, pork, milk, and cotton prices increase by less than 8 percent 
in both Alternatives B and C compared to Alternative A. Wheat, feed 
grains, silages, and hay prices increase by more than 8 percent. 
Prices increase an average of approximately 20 percent in both 
Alternative D and E compared to Alternative A. The price increases 
result from the removal of over 37 million acres of cropland in Alterna-
tive D and over 45 million acres of the more erosive and less productive 
cropland in Alternative E. Individually wheat, feed grains, silages, 
and hay prices increase by more than 20 percent: beef, pork, milk, and 
cotton prices by less than 20 percent in both Alternatives D and E 
compared to Alternative A. 
Farm Sector Returns and Income 
Farm policies often use target prices or production quotas as 
expressed goals or objectives when in actuality they are only instruments 
through which the government hopes to raise farmers' income. Similarly, 
conservation and pollution control policies, though originally designed 
to obtain specific patterns of resource use or environmental quality, 
are closely examined and often reformulated if they are perceived to 
have adverse effects on farm income. Obviously, then, even though 
policy makers often have talked of target prices and land retirement 
as direct goals, their basic concern normally has been to increase net 
farm income. 
so 
Regional land retirement payments 
Comparisons of alternative land retirement policies revolve around 
the following factors: (a) their costs in attaining a given output 
reduction and price improvement, (b) their total treasury costs, (c) the 
amount of labor and capital withdrawn from agriculture in conjunction 
with land, and (d) the extent of the community adjustment problems 
created (Crown and Heady, 1972). Alternatives D and E were specified 
to attain similar increases in commodity prices. Therefore, costs of 
the two programs can be compared directly. 
Table 4.15 lists acres retired, payments per acre, and total 
program payments associated with the land retirement policies of 
Alternatives D and E. Acres retired equal 10 percent of the total 
endogenous cropland in Alternative D and 40 percent of class 3, 4, and 
5 cropland in Alternative E. 
The acres retired are completely removed from production. No 
substitution of other crops is allowed. This prevents negation of the 
program's effects by merely shifting the income problem from one com-
modity producer group to another. Shadow prices for land represent the 
value of the last unit of land employed. Thus, land rents in the base-
line model reflect the amount that the producer needs to compensate him 
for removing the initial acre from production. Likewise, the shadow 
price in Alternatives D and E reflect the amount required to compensate 
the producer for the last acres of land retired. Costs are less under 
Alternative E because it removes the least productive land classes which 
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have higher unit costs of production, as compared to Alternative E. 
The per acre payments reported in Table 4.15 are the average of the 
two values. If producers are required to either participate fully in 
the program or not at all, these values should reflect reasonable levels 
of compensation. 
Per acre payments average $55 on the 37.5 million acres retired 
in Alternative D for a total program cost of $2.1 billion. Program 
costs for Alternative E are $1.6 billion with 45.2 million acres 
retired at an average payment rate of $34 per acre. The average per 
acre payments calculated in Alternatives D and E are significantly 
less than a 1978 Senate proposal to pay producers $75 per acre to 
remove 31 million acres of cropland from production in addition to the 
1978 set-aside of 22 million acres (Risser, 1978). The $55 and $34 
per acre rates in Alternatives D and E, respectively, are also lower 
than the rates implied in the 1979 feed grain program which calls for 
diversion payments of $1 per bushel of normal production on the 
diverted acres (United States Department of Agriculture, 1979b). The 
relative rates in Alternatives D and E are consistent with the 
relative productivity of the lands retired in the two alternatives, 
however. 
The calculated payments per acre retired vary significantly from 
region to region for both Alternatives D and E. The regional variations 
reflect differences in the productivity and marginal value product of 
land. If a uniform rate was paid nationwide with no limit on the 
53 
number of acres a producer could retire, a significantly different 
regional distribution of acres retired would be expected. Regions with 
less productive land would have proportionally greater amounts of land 
retired than areas with more highly productive land. 
In the case of a land retirement program where whole farms are 
retired the potential secondary impacts on rural communities in areas 
with concentrations of less productive land could be severe. On the 
other hand, whole farm retirement results in more efficient factor 
use by allowing labor and capital inputs to transfer out of agricul-
ture. The partial farm retirement programs such as Alternatives D and 
E restrict the transfer of labor and capital out of agriculture result-
ing in underemployment of the inputs on farms where the capital-labor-
land ratios were optimal before the retirement program. This does, 
however, reduce the potential secondary impacts on rural communities 
that would result from the migration of labor and capital out of rural 
areas. 
Total net farm income 
Net farm income is defined as the sum of net farm returns, non-
money income, and government program payments. Net farm returns are 
calculated as total gross cash receipts minus total production costs. 
Nonmoney income includes the rental value of farm dwellings and the 
value of farm products consumed on the farm. 
Table 4.16 reports the components used in calculating adjusted 
net farm income for the five model alternatives with 1975 actual values 
T
ab
le
 4
.1
6.
 
E
st
im
at
es
 o
f 
a
dj
us
te
d 
n
e
t 
fa
rm
 i
nc
om
e 
fo
r 
e
a
c
h 
o
f 
th
e 
fi
ve
 m
o
de
l 
a
lt
er
n
at
iv
es
 w
it
h 
19
75
 a
c
tu
a
l 
v
a
lu
es
 f
or
 c
o
m
pa
ri
so
n 
E
nd
og
en
ou
s 
c
a
s
h 
r
e
c
e
ip
ts
 
Ex
og
en
ou
s 
c
a
s
h 
re
c
e
ip
ts
b 
T
ot
al
 c
a
s
h 
r
e
c
e
ip
ts
 
c 
En
do
ge
no
us
 p
ro
du
ct
io
n 
e
x
pe
ns
es
 
Ex
og
en
ou
s 
pr
od
uc
ti
on
 e
x
pe
ns
es
d 
T
ot
al
 p
ro
du
ct
io
n 
e
x
pe
ns
es
 
N
et
 f
ar
m
 r
e
tu
rn
s 
N
on
m
on
ey
 
in
co
m
e 
a
n
d 
in
ve
nt
or
y 
c
ha
ng
e e
 
In
co
m
e 
fr
om
 g
ov
er
nm
en
t 
pa
ym
en
ts
 
T
ot
al
 n
e
t 
fa
rm
 i
nc
om
e 
19
75
 
A
ct
ua
l a
 
63
,2
09
 
2,
50
0 
88
,2
09
 
-
-
-
-
75
,8
63
 
12
,3
46
 
11
,3
22
 
80
7 
24
,4
75
 
A 
71
,6
61
 
27
,0
46
 
97
,7
07
 
48
,7
80
 
29
,8
92
 
78
' 6
 72
 
20
,0
35
 
9,
17
1 
-
-
29
,2
06
 
M
od
el
 A
lt
er
na
ti
ve
s 
B 
C 
D
 
(m
ill
io
n 
do
ll
ar
s)
 
79
,1
65
 
76
,7
23
 
82
,7
09
 
27
,0
46
 
27
,0
46
 
27
,0
46
 
10
6,
21
1 
10
3,
76
9 
10
9,
74
4 
51
,5
03
 
51
,3
73
 
57
,4
31
 
29
,8
92
 
29
,8
92
 
29
,8
92
 
81
,3
95
 
81
,2
65
 
87
,3
23
 
24
,8
16
 
22
,5
04
 
22
.4
32
 
9,
17
1 
9,
17
1 
9,
17
1 
-
-
-
-
2,
05
7 
33
,9
87
 
31
,6
75
 
33
,6
60
 
a 
SO
UR
CE
: 
(U
ni
te
d 
S
ta
te
s 
D
ep
ar
tm
en
t 
o
f 
A
gr
ic
ul
tu
re
, 
19
78
a)
. 
bl
97
7 
c
a
s
h 
r
e
c
e
ip
ts
 f
or
 e
x
o
ge
no
us
 c
o
m
m
o
di
tie
s 
re
po
rt
ed
 i
n
 1
97
5 
do
ll
ar
s,
 
c
E
xp
en
se
s 
de
te
rm
in
ed
 e
n
do
ge
no
us
 t
o
 
th
e 
m
o
de
l, 
E 
81
,3
41
 
27
,0
46
 
10
8,
38
7 
55
,7
49
 
29
,8
92
 
85
,6
41
 
22
,7
46
 
9,
17
1 
1,
55
6 
33
,4
83
 
dO
th
er
 p
ro
du
ct
io
n 
e
x
pe
ns
es
 i
nc
lu
di
ng
 $
9,
92
0 
m
il
li
on
 f
or
 e
x
pe
ns
es
 r
e
la
te
d 
to
 
th
e 
e
n
do
ge
no
us
 c
o
m
m
o
di
tie
s 
a
n
d 
$1
9,
97
2 
m
il
li
on
 p
er
ta
in
in
g 
to
 
e
x
o
ge
no
us
 c
o
m
m
o
di
ti
es
. 
e
l9
77
 l
ev
el
 o
f 
n
o
n
m
o
n
ey
 i
nc
om
e 
re
po
rt
ed
 i
n 
19
75
 d
ol
la
rs
, 
V1
 
~
 
55 
for comparison. Endogenous cash receipts are calculated by summing 
the adjusted production of the endogenous commodities multiplied by 
their adjusted farm-level prices. Exogenous cash receipts are the 1977 
actual cash receipts for all exogenous commodities reported in 1975 
dollars. Endogenous production expenses are the sum of all model 
expenses incurred in producing the endogenous commodities. Land costs 
are not included in production expenses since land values are deter-
mined endogenously. Exogenous production expenses are total expenses 
associated with producing the exogenous crops plus $9.92 billion of· 
expenses related to the production of the endogenous commoditie~ not 
reflected in the model costs. Exogenous production costs are 1977 
actual values reported in 1975 dollars. Net farm returns equal total 
cash receipts minus total production expenses. Net farm income in 
Table 4.16 equals the sum of net farm returns, nonmoney income, and 
government payments. 
The policy alternatives illustrate three alternative methods of 
increasing farm income. Alternative B illustrates the impact of demand 
expansion in the absence of supply controls. Export demands in Alterna-
tive B are significantly higher than 1977 actual levels and higher than 
the levels used in Alternatives A, C, D, and E (Table 3.2). The result 
of the increased demand is to increase prices and thus production and, 
since agricultural commodity demands are inelastic, total cash receipts 
increase. The net result of the shift in demand is a 16 percent 
increase in adjusted net farm income compared to Alternative A 
56 
(Table 4.16). This increase in farm income would be associated with an 
increased level of soil loss as compared to policies containing a soil 
conservation component. 
Alternative C illustrates the impact of restricting the technologies 
producers are allowed to employ. To reduce gross soil ero~ion below the 
soil tolerance levels, producers are forced to use more rotations more 
extensively and/or to employ soil conserving conservation and tillage 
practices. These restrictions on the available technologies induce a 
leftward shift in the supply curve reflecting a decline in the supply 
forthcoming at any given price. Since demands are inelastic, prices 
increase by a greater percentage than the decline in quantities demanded. 
The net result is an increase in total receipts and ultimately an 8 
percent increase in adjusted net farm income in Alternative C compared 
to Alternative A (Table 4.16). 
Alternative D results in a 15 percent increase in adjusted net 
farm income compared to Alternative A. Both policy alternatives represent 
about the same national supply control and give comparable level of 
farm commodity prices and income. The increase in income stems from 
the retirement of 37 million acres of cropland in Alternative D. Like-
wise, Alternative E results in approximately a 15 percent increase in 
net farm income compared to Alternative A (Table 4.16) even though 45 
million acres of cropland are retired. The difference in the soil con-
servation and regional production patterns impacts of Alternatives D and 
E arises from the different quality of land retired. The 37 million 
57 
acres retired in Alternative D represents land of average quality in 
the study, whereas the 45 million acres retired in Alternative E is the 
less productive and more erosive lands. 
Several factors contribute to the relatively large increases in 
net farm income associated with Alternatives D and E. First, export 
demands in Alternatives D and E are substantially larger than current 
export demands (Table 4.17). Therefore, production of endogenous crops 
requires 330 million acres in Alternative A compared to only 315 million 
acres in 1977. Thus, even with a land set-aside of 13.4 million acres 
in 1978, total endogenous land use (i.e. for crops analyzed by the 
model) is less than in Alternative A. Hence, the impact of the 1978 
land set-aside on net farm income would be expected to be minor. However, 
starting from the levels of land use in Alternative A and reducing 
cropland available by 37 and 45 million acres, respectively, elicits a 
significant increase in price and incomes in Alternatives D and E. In 
addition, unlike some historical land retirement programs, land retired 
in Alternatives D and E is completely removed from production. No other 
commodities, basic or otherwise, can be grown on the retired land. The 
income impacts of the land retirement policies, therefore, are larger 
than if substitution was allowed. 
Regional net farm returns 
Adjusted regional net farm returns are reported in Table 4.18. 
Changes in regional net farm returns are a function of changes in the 
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mix of commodities produced, changes in commodity prices, and changes 
in costs of production. 
The increased exports of feed grains, soybeans, wheat, and cotton 
in Alternative B bring increased returns for producers of these com-
modities. Returns accruing to producers in the Corn Belt, Delta States, 
and Northern Plains regions increase from 44 percent of the U.S. total 
in Alternative A to 51.2 percent of the U.S. total in Alternative B. 
The increased returns can be attributed primarily to the increased 
production of feed grains and soybeans in the ~orn Belt, to the increased 
production of cotton and soybeans in the Delta States, and to the 
increased production of wheat in the Northern Plains. 
The soil conservation policy, Alternative C, has the least impact 
on regional net farm returns of any of the alternatives analyzed. With 
the exception of the Northeast, no region's share of total returns 
changes by more than 2 percent relative to Alternative A, but the 
Northeast region suffers nearly a 75 percent reduction in net farm 
returns in Alternative C compared to Alternative A. The Northeast 
and Pacific regions are the only regions whose returns fall in each of 
the policy alternatives relative to Alternative A. 
Alternatives D and E have quite similar affects on the regional 
distribution of net farm returns. The regional shares of total returns 
increase in the Southeast, Corn Belt, and Delta States regions in both 
Alternatives D and E. The largest increase occurs in the Corn Belt 
where the share of national returns accruing to Corn Belt producers 
61 
increases by over 12 percent in Alternatives D and E compared to Alter-
native A. The largest decline occurs in the Southern Plains where the 
regicn's share of total returns declines by over 10 percent in Alterna-
tive D and E compared to Alternative A. 
Usage o~ Land and Water Resources 
The impacts of the policy alternatives on production, prices, and 
incomes have been analyzed. Now the associated impacts on natural 
resource and input usage will be analyzed. The following section deals 
with the use of land and water resources. Following sections concentrate 
on the use of purchased inputs and on the externalities generated by the 
various alternatives. 
Land resource use 
America's cropland obviously is one of agriculture's most important 
inputs. More than 360 million acres were cultivated in 1974 (United 
States Department of Agriculture, 1978a). Changes in the amount and 
productivity of cropland have important implications for the future 
capability of U.S. agriculture to supply food for a growing world popula-
tion. 
Cropland available and its uses are reported in Table 4.19 for 
each of the five model alternatives. Of a total available of 394 
million acres, acres cropped range from 347 million acres in Alternative 
E to 386 million acres in Alternative B. Excess productivity capacity 
is reflected in the acres of idle and retired land. Approximately 17 
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million acres remain idle (i.e., represent differences between potential 
and harvested acreage, land used for pasture and purposes other than 
crops, etc.), in Alternative A compared to over 47 million acres in 
Alternative E. However, total production declines only slightly in 
Alternative E compared to Alternative A despite the 30 million additional 
acres retired in Alternative E. Three factors account for the relatively 
minor declines in production in Alternative E compared to Alternative A. 
First, acres of summer fallow decline by more than 12 million acres in 
Alternative E compared to Alternative A. Second, crop production is 
redistributed regionally and across soil quality classes to take full 
advantage of productivity differences. Third, production declines are 
partially offset by substituting purchased inputs for Land in Alterna-
tive E. 
Comparisons of the slack land in Alternatives A, D, and E also 
illustrate several aspects of a concept called slippage. Slippage 
refers to the proportion of acreage put into a reserve for which there 
is no corresponding reduction in production of the crops being controlled 
(Ericksen, 1976). Several factors contribute to slippage including: 
acreage slippage resulting from idle and summer fallow acres, produc-
tivity differences between diverted and cropped acres, and factor sub-
stitution of purchased inputs for land. 
Estimates of acreage slippage range between .4 and .5 (Ericksen, 
1976). Acreage slippage results from farmers including acres that 
normally would be idled or in summer fallow in their land reserve. In 
64 
Alternative A idle plus summer fallow acres total 38.1 million acres. 
The same total for Alternative E is only 11.0 million acres. Thus, 27 
million acres of the 45 million acres retired in Alternative E were not 
cropped initially. Current programs which tie land retirement programs 
more closely to acres actually cropped in the previous year should 
reduce this component of slippage. 
The second factor contributing to slippage is the difference in 
productivity between retired and cropped acres. A study by Weisgerber 
(1969) concluded that productivity of diverted acres as a percentage of 
cropped acres reached only 90 percent for wheat, 85 percent for grain 
sorghum, 83 percent for barley, 82 percent for corn, and 80 percent 
for cotton. These differences result primarily from producers idling 
their least productive land. A comparison of Alternatives D and E 
illustrate this factor. Alternatives D and E have quite similar impacts 
on production, prices, and incomes. In fact, Alternative D results 
on production, prices, and incomes. In fact, Alternative D results in 
a slightly greater reduction in production than does Alternative E, 
even though 7.5 million fewer acres are retired under Alternative D 
than under Alternative E. The slight difference in production results 
from the fact that 37.5 million acres of average quality cropland are 
retired in Alternative E whereas the 45.5 million acres of class, 3, 
4, and 5 land retired in Alternative E are the less productive more 
erosive lands. 
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The third factor contributing to slippage is the substitution of 
purchased inputs for land. If producers foresee higher prices as a 
result of the land retirement program, they have incentive to increase 
their use of purchased inputs accordingly. The use of purchased inputs 
in the four policy alternatives increase significantly and are analyzed 
in detail in a later section. 
Regional distribution of idle 
as set-aside cropland 
Alternatives C, D, and E each take a different approach toward the 
dual goals of increasing farm income and conserving soil. Alternative 
C is formulated with the sole objective of conserving soil, Alternative 
D with the sole objective of increasing farm income, and Alternative E 
with the dual objectives of increasing farm income and conserving soil. 
Consequently, the alternatives have quite different impacts on the 
degree of soil conservation achieved and the increase in income generated. 
However, all three of the alternatives result in increased acres of 
idle or set aside cropland compared to Alternative A. Figures 4.1, 4.2, 
and 4.3 illustrate the regional location of idle or set aside cropland 
in Alternatives C, D, and E, respectively. Differences in the regional 
distribution of idle and set aside land reflect the different regional 
distributions of the "burden" of the policies. 
Alternative C has the primary objective of reducing gross soil 
erosion. Hence, the acres idled in Alternative C are concentrated in 
the more erosive areas (Figure 4.1). Areas with concentrations of 
• • 
• 
• 
• • 
• 
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• 
• = 50,000 acres 
Figure 4.1. Location of idle cropland in the soil conservation alternative 
(Alternative C) 
• ~ 50,000 acres 
Figure 4.2. Location of idle cropland in the homogenous land 
retirement alternative (Alternative D) 
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• = 50,000 acres 
Figure 4.3. Location of idle cropland in the conservation land 
retirement alternative (Alternative E) 
idle land include such areas as the bluffs along the Missouri River in 
Iowa, Nebraska, and Missouri, the lower Mississippi Valley, and the 
Tennessee River Valley. 
Figure 4.2 illustrates the location of cropland idled or set aside 
in Alternative D. Alternative D represents the homogenous set-aside of 
10 percent of all cropland. Thus, the regional distribution of idle and 
set aside cropland in Alternative D closely represents the regional 
distribution of total cropland. The two exceptions are the high plains 
of Texas and the Missouri River basin in which there is slack land in 
addition to the acres set aside. 
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In Alternative E, more than 45 million acres of the more erosive 
and less productive cropland is retired (set aside). In Alternative 
E, this land is concentrated in the bluffs regions of the Missouri 
River Valley, in the paloose areas of eastern Washington, and in the 
high plains regions of Texas (Figure 4.3). The paloose and bluffs 
regions are regions with extremely high concentrations of erosive lands. 
The land set aside in the high plains areas of Texas is more a reflec-
tion of the shortage of water in the area than of the type of soil. 
A comparison of Figures 4.2 and 4.3 indicates that the "burden" 
of supply control is distributed differently in Alternative E than in 
Alternative D. In Alternative D, acres retired are distributed homo-
genously based on total cropland (Figure 4.2). Therefore, all farmers 
participate equally in the supply control program. In Alternative E, 
retired acres are distributed based on the distribution of the more 
erosive and less productive cropland (Figure 4.3). Therefore, farmers 
in the areas with concentrations of erosive soils such as the bluffs 
regions of the Missouri River Valley carry the brunt of the supply 
control efforts. 
Land resource returns 
The percentage of total acres available excluding retired acres 
which are actually cropped ranges from 90 percent in Alternative A to 
nearly 97 percent in Alternatives D and E (Table 4.19). The increased 
demand for the available land is reflected in the imputed returns to 
land resources reported in Table 4.20. Changes in land rents have 
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important implications for land owners and operators since land rents 
are capitalized into land values. Using a rate of return of 9 percent 
the estimated average value-of cropland in the United States is $540 
per acre based on average land rents. Farm real estate values in the 
United States averaged $490 per acre in February of 1978 (Table 4.21). 
On a national basis the increases in adjusted land rents in Alter-
natives B, C, D, and E compared to Alternative A mirror the increases 
in adjusted net farm income. Compared to Alternative A, average land 
rents increase by 18, 10, 25, and 27 percent in Alternatives B, C, D, 
and E, respectively. If land rents did rise to the levels indicated 
in the policy alternatives, the potential exists for substantial acre-
ages of pasture and forest land to be converted to cropland. A 1967 
inventory by the Soil Conservation Service identified 266 million acres 
of potential tillable land, 100 million of which could be converted to 
cropland within one or two decades (Cotner, 1976). This potential 
development of additional cropland would exert a moderating influence 
on rising land values. 
Increases in land values have important implications for both land 
owners and land renters. Appreciating land values increases the net 
worth and reduces the debt-equity ratio of land owners. On the other 
hand, rising land rents po.se an increasing burden for producers who are 
cash renting or hoping to purchase land. Part of the impact of the 
increases in land costs for nonowner operators would be offset by the 
increased income generated. Owner-operators benefit from both the in-
creased income generated and from the appreciation of their equity capital. 
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Table 4. 21. Average farm real estate values by state February 1, 1978, 
and percentage change from ~arch 1, 1972a 
State Value Change State Value Change 
Northeast $ percent Southeast $ percent 
Maine 441 61 South Carolina 543 53 
New Hampshire 729 67 Georgia 564 61 
Vermont 59} 60 :Florida 838 59 
Massachusetts 1,242 51 Alabama 452 51 
Rhode Island 1~939 60 
Connecticut 1,962 50 Delta States 
New York 589 54 
New Jersey 2,057 40 Mississipp;i 464 50 
Pennsylvania 1,092 76 Arkansas 571 69 
Delaware 1,500 75 Louisiana 669 53 
Maryland 1~578 66 Southern Plains 
Lake States Oklahoma 402 57 
Michigan 860 76 Texas 316 61 
Wisconsin 690 76 
Minnesota 730 88 Mountain 
Montana l68 78 
Corn Belt Idaho 445 63 
Ohio 1,263 95 Wyoming 1.25 70 
Indiana 1,303 89 Colorado 274 81 
Illinois 1,581 103 New Mexico 93 57 
Iowa 1,268 99 Arizona 125 46 
Missouri 602 87 Utah 248 68 Nevada 97 40 
Northern Plains 
Pacific 
North Dakota 273 72 
South Dakota 227 77 Washington 528 64 
Nebraska 385 68 Oregon 303 46 
Kansas 380 60 California 761 33 
Appalachian United States 490 69 
Virginia 732 68 
West Virginia 403 75 
North Carolina 694 44 
Kentucky 671 77 
Tennessee 608 57 
~OURCE: (United States Department of Agriculture, 1978b). 
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Average land rents by demand region are reported in Table 4.19 
for the five model alternatives. Table 4.21 lists the average farm-
land values by state as of February 1, 1978. A comparison of relative 
land rents by regions for Alternative A in Table 4.20 with the corres-
ponding regional land values in Table 4.21 indicates a very high 
correlation. The Northeast and Corn Belt regions have both the highest 
land rents in Alternative A and the highest average land values in 
1978. Conversely, the Southeast, Northern Plains, and Southern Plains 
have relatively low average land rents corresponding to the below 
average land values reported in Table 4.21 for the Appalachian, Southeast, 
Northern Plains, Mountain, and Southern Plains farm production regions. 
With the exception of the Northeast and Southeast, demand regions 
in Alternative C, average land rents increase in every region in each 
of the policy alternatives. However, the relative increases in regional 
land rents (Table 4.20) in Alternatives B, C, D, and E compared to 
Alternative A vary significantly from the corresponding changes in 
regional incomes (Table 4.18). For example, net farm returns in the 
Northeast region decline by over 60 percent in Alternatives D and E com-
pared to Alternative A, while imputed land rents increase by approxi-
mately 8 percent. In general, the Lake States, Northern Plains, Pacific, 
and Southeast regions experience greater than average increases in land 
rents in Alternatives B, C, D, and E compared to Alternative A; the 
Northeast, Southern Plains, Corn Belt and Delta States regions 
experience less than average increases in land rents. 
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Average land rents by land quality class are reported for each of 
the model alternatives in Table 4.22. In general, land rents for the 
most productive (class 1) land increase by a smaller percentage than 
average land rents increase in Alternatives B, C, D, and E compared 
to Alternative A. In Alternative A, the more productive and higher-
valued class 1 land is fully employed, whereas some of the less pro-
ductive land remained idled or diverted from crop production. Thus, the 
initial impact of the increased demand for land in Alternatives B, C, 
D, and E is felt most heavily in areas where idle land existed in 
Alternative A. 
Water resource use 
Water, though an essential ingredient in all productive processes, 
only achieves economic importance in areas where it is relatively scarce. 
Water supplies and use are reported for the 17 western states where 
water is both vital and scarce. Water use information for each of the 
five model alternatives is reported in Table 4.23. 
Total agricultural use of water increases only marginally in the 
various policy alternatives. Increases in water used for irrigation 
range from 972 thousand acre-feet in Alternative D up to 1773 thousand 
acre-feet in Alternative E. These increases indicate two important 
issues. The first is that the potential exists for the substitution of 
water for land resources in the production of agricultural proaucts. 
The second is that without substantial additional investment in irriga-
tion systems that this substitution is relatively limited. Even with 
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additional investment in irrigation systems the potential substitution 
is ultimately limited by the water supply. 
Water resource returns 
Table 4.24 reports estimates of regional water prices as well as 
estimates of the marginal value product of water based on Colette (1976). 
The marginal value product of water is more than twice the price of water 
for each of the alternatives. Reductions in the supply of land avail-
able in Alternatives D and E induce a substitution of water for land. 
The resulting increase in the demands for water result in 25 to 30 
percent increases in the marginal value product of water in Alternatives 
D and E compared to Alternative A. 
Use of Purchased Inputs 
One method of meeting increased commodity demands or of maintain-
ing production in the face of a decline in available land is to increase 
the use of purchased inputs. Increased input use can arise from two 
sources, an increase in acreage cropped or an increase in per acre 
applications of inputs. Table 4.25 lists the relative usage of purchased 
inputs by type of input for each of the model alternatives. Table 4.26 
lists the relative per acre usage of purchased inputs for each of the 
model alternatives. 
Comparison of Tables 4.25 and 4.26 indicates that with the excep-
tion of nitrogen fertilizer the increase in input use in Alternative B 
compared to Alternative A is primarily the result of the increased acres 
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Table 4.25. Relative usage of purchased inputs in producing the 
endogenous commodities for each of the model alternatives 
Model alternatives 
Input A B c D E 
Labor 100 105 104 102 101 
Pesticides 100 108 123 121 111 
Nitrogen fertilizer 100 120 116 126 117 
Other fertilizer 100 106 109 105 102 
Machinery 100 107 108 106 104 
Total a 100 106 107 105 103 
aincludes other fixed and miscellaneous expenses 
Table 4.26. Relative per acre usage of purchased inputs in producing 
the endogenous commodities for the five model alterna-
tives 
Model alternatives 
Input A B c D E 
Labor 100 101 102 106 106 
Pesticides 100 104 121 126 117 
Nitrogen fertilizer 100 115 114 131 123 
Other fertilizer 100 102 107 109 107 
Machinery 100 103 106 110 109 
Total a 100 102 105 109 108 
aincludes other fixed and miscellaneous expenses. 
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cropped in Alternative B. Whereas, total input use increases 6 percent 
in Alternative B relative to Alternative A, per acre use increases only 
2 percent. The relative importance of the two factors is reversed in 
Alternative C. Of a total increase in input use of 7 percent in Alter-
native C relative to A, 5 percent is the result of increases in per 
acre applications. Increases in per acre applications of purchased 
inputs account for all of the increased use of purchased inputs in 
Alternatives D and E relative to A, since total acreage cropped declines 
in response to the land retirement policies. 
In general, the use of chemical inputs (fertilizers and pesticides) 
increases more than does the use of labor and machinery inputs in the 
policy alternatives. The heavier applications of chemical inputs 
result in increased yields. Because of the nature of chemical applica-
tions, little additional machinery or labor inputs are required to apply 
the heavier concentrations. Increases in machinery and labor use arise 
primarily in response to increases in acres cropped. 
The soil conservation policy, Alternative C, results in the small-
est increases in nitrogen fertilizer use and the largest increases in 
the use of pesticides, other fertilizers, and machinery relative to 
Alternative A. Part of the increases can be attributed to the increased 
acres cropped, but a large portion results from a shift in conservation 
and tillage practices. The restrictions on gross soil loss in Alterna-
tive C result in a 10 percent increase in the use of reduced tillage 
practices and a 45 percent increase in the use of conservation practices 
80 
(contouring, strip cropping, and terracing) compared to Alternative A 
(Table 4.27). The increased use of reduced tillage operations results 
in a substantial increase in the use of pesticides since chemical con-
trols are substituted for mechanical means of controlling pests. The 
increased use of machinery and labor inputs arises from the increased 
use of conservation practices in the soil conservation alternative. 
The relatively small increase in the use of commercial nitrogen fertilizer 
in Alternative C, compared to the baseline alternative, can be attributed 
to a shift in Alternative C to more extensive rotations incorporating 
legume hays that not only reduce soil loss but also fix nitrogen 
(Table 4.28). 
Alternatives D and E require the greatest increases in per acre 
applications of inputs compared to Alternative A. The application of 
chemical inputs increases the most dramatically; nitrogen fertilizer 
use increases approximately 30 percent and pesticides use increases by 
26 percent in Alternative D. These increases represent a movement 
outward, along the production function, made economically feasible by 
the increase in commodity prices relative to input prices. Per acre 
machinery use increases approximately 10 percent in Alternative D and 
E compared to Alternative A. The increased use of machinery reflects 
the increased intensity of production reflected in the 20 percent 
increase in Alternative D and E of rotation sequences consisting of 
75 percent or more row crops (Table 4.28). 
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Table 4.27. Percentage of acreage employing conservation and 
tillage practices for the five model alternatives 
Model alternatives 
Practices A B c D E 
(percentage) 
Tillage Eractices 
Conventional tillage 
residue removed 13 13 13 14 13 
Conventional tillage 
residue left 52 54 42 54 54 
Reduced tillage 35 33 45 32 33 
Conservation Eractices 
Straight row 97 97 52 96 97 
Contouring 2 2 29 2 2 
Strip cropping 1 1 6 1 <1 
Terracing <1 <1 13 1 <1 
Table 4.28. Percentage distribution of row crop acres by rotation 
for the five model alternatives 
Percent of rotation seg,uence that is row crOEEed 
Alternative 25 50 75 100 
(percentage) 
A 21 31 6 42 
B 20 21 9 50 
c 35 22 21 22 
D 17 13 13 57 
~ 16 16 13 55 
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Soil Losses and Soil Management Practices 
During the past decade, considerable interest and concern has been 
generated over the need to conserve the nation's natural resources and 
to maintain or improve the quality of the environment. A recent series 
of articles in the Des Moines Register expressed these concerns as 
they relate to agriculture (Risser, 1978). The articles point out that 
massive amounts of soil and associated chemicals that are being lost 
into the nation's waterways each year. Recent estimates placed average 
soil losses at nearly nine tons per acre per year in the United States. 
That quantity is over twice the natural rate of new soil generation. 
In addition to the soil loss problem, the increased use of fertilizers 
and chemicals has led to an increase in the concentration of these 
chemicals in the environment. Clearly a need exists and public policy 
is and will continue to be formulated to attempt to deal with the 
problems. Unfortunately, in the past, many government programs have 
merely accelerated the erosion process. 
The average per acre soil loss of 8.7 tons in Alternative A is 
consistent with recent estimates. The regional figures in Table 4.29 
illustrate the more erosive areas including the Southeast, Corn Belt, 
and Delta States regions. Only the Lake States and Pacific regions have 
per acre soil losses in Alternative A that might be considered accept-
able from a long-term soil maintenance point of view. 
Alternative C was formulated specifically in response to the 
concerns for soil conservation. In Alternative C, per acre soil losses 
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were constrained to the maximum of the established soil tolerance levels 
by excluding combinations of rotations, tillage methods and conservation 
practices which resulted in higher levels. The restrictions on soil 
loss result in nearly a 70 percent decline in total and per acre soil 
loss in Alternative C compared to Alternative A. Obviously the more 
erosive areas carry the brunt of the reduction, but total soil loss 
declines significantly in all regions. Alternative C is more restric-
tive than D and E; D with no restrictions and E with restriction only 
on some land classes. 
The reductions in gross soil loss in Alternative C are achieved 
as a result of significant changes in producers' farming practices. 
These changes include a 20 percent reduction in continuous row crop 
rotations (See Table 4.28), and a 10 percent increase in reduced tillage 
(See Table 4.27). On the negative side, total chemical input use 
increases by approximately 20 percent in Alternative C relative to 
Alternative A. 
Comparison of Alternatives D and E suggest that conservation con-
cerns can be reflected in the design of land retirement policies. By 
concentrating the areas retired in the more erosive land classes, total 
soil loss is reduced by 12 percent in Alternative E compared to 
Alternative D. This reduction in total soil loss is achieved in 
Alternative E without sacrificing gains in adjusted net farm income. 
Essentially equivalent increases in adjusted net farm income are 
achieved in Alternatives D and E relative to A with a $.5 billion 
lower treasury cost for Alternative E than for Alternative D. 
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Alternative E emphasized reduction of soil loss while still res-
training production to levels paralleling those of Alternative D. While 
E does lower soil loss as compared to D, the result is not as large as 
in C because D only removes the most erosive soils in particular land 
classes. It allows the more productive lands to be used more intensively. 
Hence, some of the soil loss is shifted from the less productive land 
classes to the more productive land classes in Alternative E as 
compared to D. Thus, the geographic location of some erosion also is 
shifted. 
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V. S~RY 
The primary objective of this study is to analyze the potential of 
reconciling some of the nation's major agricultural policies. The study 
focuses specifically on the possibility of simultaneously achieving the 
goals of: (a) reducing farm output and increasing prices and incomes 
and (b) conserving land resources by reducing gross soil erosion. 
This primary objective is accomplished by developing and applying 
an interregional mathematical separable programming model of U.S. agricul-
ture. Five alternative policies are analyzed with the model including: 
baseline (Alternative A), high export (Alternative B), soil tolerance 
level soil loss limit (Alternative C), 10 percent homogenous land 
retirement (Alternative D), and a 40 percent conservation land retire-
ment (Alternative E). The five alternatives allow comparison of policies 
affecting three important parameters: agricultural export demands, 
supply control and farm income improvement, and soil loss restrictions. 
The separable programming model provides normative results useful 
for comparative static analysis of the interregional impacts of the 
various alternatives. Estimates of net farm income, farm level prices, 
resource use, crop and livestock production, input use, and gross soil 
erosion are provided for each alternative. These estimates are summarized, 
compared, and used as the basis for evaluating the policy alternatives. 
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Alternative A represents the baseline results used to measure the 
impacts of the policy alternatives. The baseline alternative incorpo-
rated moderate or trend level estimates of population, per capita 
consumption and exports (Table 4.17). In addition, it is assumed that 
agriculture was free to operate in a profit maximizing manner without 
policies designed to increase farm income or reduce soil erosion. 
Given the baseline assumptions, Alternative A is most nearly 
comparable to actual values. Estimated 1985 net farm income in 1975 
collars is $29.2 billion in Alternative A compared to actual 1975 net 
farm income $24.5 billion. Estimated average soil loss in Alternative 
A is 8.7 tons per acre compared to a 1977 estimate of approximately 
nine tons per acre. 
Alternative B (the high export alternative with restrictions on 
soil loss) incorporates the same assumptions as the baseline except 
that net exports were increased to reflect a high export demand scenario. 
Alternative B does not have restrictions on soil loss. Exports are 
increased by 117 million bushels of wheat, 577 million bushels of feed 
grains, 50 million bushels of soybeans, and 800 thousand bales of 
cotton (Table 4.17). 
The primary impact of the demand shift reflected in the higher 
exports is to increase farm level prices and, thus, farm income in 
Alternative B compared to Alternative A. Net farm income increases 16 
percent (nearly $4.8 billion) in Alternative B compared to Alternative 
A. The additional production induced by the larger export demand in 
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Alternative B results in the usage of 9 million additional acres of crop-
land and a 6 percent increase in the use of purchased inputs (labor, 
chemicals, and machinery) compared to Alternative A. 
The results obtained under Alternative B indicate that the United 
States has significant additional productive capacity. Production 
increases in Alternative B compared to 1977 actual values include an 
18 percent increase in wheat, a 21 percent increase in feed grains, a 
37 percent increase in soybeans, an 8 percent increase in beef, a 16 
percent increase in pork, and an 11 percent increase in milk. Regard-
less of the increased production, an estimated 8 million acres of 
potential cropland still could be converted to crop. 
The additional productive capacity indicated by Alternative B 
suggests that problems associated with increased production in the 
future are more likely to center around energy use rather than land use. 
Additional demands for energy in the form of fuels, fertilizers, and 
pesticides may have far greater impacts in the near term than demands 
for land. As a result, reserach in the areas of integrated pest 
management, reduced tillage, and nitrogen fixation may have significant 
payoffs. 
Alternatives C, D, and E each incorporate the baseline levels of 
population, per capita consumption, and exports. Alternative C differs 
from Alternative A only in that producers are required to limit gross 
soil erosion to a per acre maximum of the established soil tolerance 
level. Producers are free to choose any combination of crop sequence, 
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conservation practice, and tillage practice that results in an estimated 
gross soil loss less than the tolerance level. Alternative D differs 
from Alternative A only in that 10 percent of all cropland is retired 
from production uniformly over the country. Its main purposes are to 
reduce production and improve farm prices and income relative to Alterna-
tive A. Alternative E also incorporates the baseline assumptions with 
the only difference being that 40 percent of the quality class 3, 4, 
and 5 cropland is retired from production. Alternative E attempts to 
simultaneously restrict production and reduce soil erosion. It performs 
the latter by requiring that more erosion and less productive to be 
retired from production. In both Alternatives D and E the retired land 
is completely removed from production, no substitution of other crops 
nor grazing by livestock is allowed. Alternative E differs from Alter-
native D in that only the more erosive and less productive class 3, 4, 
and 5 land is retired, whereas in Alternative D the retired land is 
distributed homogenously over all classes of land and all regions. 
Alternatives C, D, and E each take a different approach toward the 
dual goals of increasing farm income and conserving soil. Alternative 
C was formulated with the sole objective of conserving soil, Alternative 
D with the sole objective of increasing net farm income, and Alternative 
E with the dual objectives of increasing farm income and conserving soil. 
Consequently, the alternatives have quite different impacts on the 
degree of soil conservation achieved and the increase in income generated. 
90 
Alternative D, the 10 percent homogenous land retirement policy, 
results in a 15 percent increase in net farm income but essentially no 
change in gross soil erosion compared to Alternative A. Alternative E, 
on the other hand, not only results in a 15 percent increase in net 
farm income but also achieves a 16 percent reduction in total gross soil 
erosion compared to Alternative A. In addition, estimated government 
payments to farmers are .5 billion dollars less in Alternative E than 
in Alternative D. 
The increased income generated in Alternatives D and E results 
from increased prices associated with a shift in the supply curve. The 
shift in the supply curve is a result of the retirement of over 37 
million acres of cropland in Alternative D and over 45 million acres in 
Alternative E compared to Alternative A. The associated declines in 
production in Alternatives D relative to Alternative A are moderate 
since purchased inputs (labor, chemicals, and machinery) are substituted 
for land. Total input use increased approximately 4 percent and per acre 
input use increased nearly 9 percent in Alternatives D and E relative to 
Alternative A. Increases in the use of chemical inputs (pesticides 
and nitrogen fertilizer) are a primary factor in the increased input 
usage. The use of pesticides increased 20 percent in Alternative D 
relative to Alternative A, compared to only an 11 percent increase in 
Alternative E relative to Alternative A. Likewise, nitrogen fertilizer 
use increased 26 percent in Alternative D and only 17 percent in Alter-
native E relative to Alternative A. Thus, Alternative E not only results 
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in significantly less soil erosion than Alternative D, but also in 
significantly less usage of chemical inputs. 
~-----------
The distribution of the "burden" of policies designed to increase 
farm income and conserve soil varies depending upon the approach taken 
and the particular goal of the policy. In each of the three income and 
soil conservation alternatives analyzed in this study (Alternatives 
C, D, and E), a substantial portion of the burden or cost of the policies 
is shifted onto consumers in the form of higher prices. However, as is 
usually the case, part of the burden is borne by producers and the dis-
tribution of the burden varies by region and type of producer. 
In Alternative C, the soil conservation alternative, producers are 
forced to limit gross soil erosion to a maximum of the soil tolerance 
level. The soil tolerance level is a function of the depth of the 
topsoil, the productivity of the subsoil, and the rate of new soil genera-
tion. The estimated actual rates of soil erosion are a function of 
topography, rainfall, soil type, and farming practices. Since the rate 
of new soil generation is relatively constant from one region to the 
next, and since the thinner the layer of topsoil the lower the soil 
tolerance level, some regions are impacted much more severely by the 
soil loss restriction of Alternative C than others. Erosive areas not 
only have greater rates of erosion, but also tend to have lower soil 
tolerance limits due to prior erosion. Thus, meeting the soil tolerance 
limit in some of the more erosive areas requires substantial adjust-
ments in terms of crops grown, tillage practices employed, and conserva-
92 
tion measures are used. In other less erosive areas, little, if any, 
adjustments are required to reduce soil losses below the tolerance 
levels. The burden of Alternative C, thus, is borne most heavily by 
producers in erosive areas such as the paloose areas of eastern Washington, 
and the bluffs region along the Missouri River. Some producers actually 
gain absolutely, as well as relatively, since they enjoy the higher 
prices associated with the restricted supply without having to make any 
significant adjustments in their farming practices. Many producers in 
north central Iowa and northern Illinois, for example, would fall into 
this category. 
The burden of the 10 percent homogenous land retirement policy 
(Alternative D) is distributed much more evenly. In Alternative D, 
cropland is retired homogeneously across all quality classes and regions, 
thus all producers and all regions are impacted equally. 
The burden of the 40 percent conservation land retirement policy 
is distributed based on the distribution of quality class 3, 4, and 5 
cropland. Since these classes of cropland include the more erosive and 
less productive lands, the distribution of the burden in Alternative E 
is quite similar to that in Alternative C. Comparing the two land retire-
ment alternatives (Alternatives D and E), Alternative D results in an 
equal distribution of the burden across producers and regions, whereas 
in Alternative E the burden is concentrated exclusively on producers 
and regions with the less productive and more erosive lands. 
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Also, in Alternative E, some soil erosion shifts from the more 
erosive and less productive land classes to more productive lands and 
locations which are farmed more intensively to meet demands. 
Other factors that need to be considered in comparing Alternatives 
C, D, and E include the problems of adjusting labor and capital inputs 
in response to changes in land inputs, the potential secondary impacts 
of the policies on rural communities, and the administrative and enforce-
ment costs associated with the various alternatives. 
Retirement of cropland and adjustments in conservation and tillage 
practices affects the labor and capital requirements of producers. As 
cropland is retired, the land-labor capital ratios are significantly 
changed. Theoretically, if the land-labor-capital ratio is optimal 
prior to the land retirement, labor and capital should transfer out of 
agriculture in response to the reduction in land inputs. The magnitude 
and the difficulty of achieving this transfer will depend upon the 
particular form of the policy. Issues that affect this transfer include 
whether the policy is short- or long-term, whether there is partial or 
whole farm retirement, and the opportunity returns available for the 
excess labor and capital. 
An issue related to the transfer of capital and labor out of 
agriculture is the potential impact of this transfer on the rural 
communities. Many rural communities derive their livelihood from pro-
viding services and inputs for the local farm sector. Whole farm retire-
ment in erosive areas, for example, could have severe ramifications for 
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the local communities. This problem would prevail more generally and 
intensely under Alternatives C and E than under Alternative D; even 
though all three alternatives restrain production and improve farm 
income and prices relative to Alternative A. 
No estimate was made of the administrative or enforcement costs 
associated with Alternatives C, D, and E. These costs should be 
relatively equivalent for Alternatives D and E, and thus would not 
affect comparisons between the two alternatives. The administrative 
and enforcement costs associated with applying the per acre limits in 
Alternative C, however, could be substantially greater than the costs 
of administering Alternatives D and E. In fact, the costs of adminis-
tering Alternative C could be prohibitively expensive unless efficient 
methods were developed to administer the policy. This is an area where 
additional information is badly needed, especially in light of the 
requirements of Section 208 of the 1972 Federal Water Pollution Control 
Act amendments. This legislation requires states to develop plans to 
control nonpoint pollution from agricultural and silvacultural sources. 
Throughout, this study has concentrated on gross soil erosion and 
application rates of fertilizers and chemicals rather than on more 
direct measures of environmental quality. The reason for this are two-
fold. First, soil conservation is an important objective in itself. 
Second, the information needed to relate gross soil erosion and rates 
of chemical applications to measures of environmental quality is sorely 
lacking. This is an area where our lack of knowledge has recently been 
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exposed by legislation designed to improve environmental quality. As 
a result, much of the work needed to quantify some of the interactions 
and transport mechanisms in the environment is just being initiated. 
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